Objective-To study the effects of amenorrhoea and intensive back exercise on the bone mineral density of the lumbar spine in female athletes. Design-Cross sectional study comparing amenorrhoeic with eumenorrhoeic athletes and rowers with non-rowers.
Introduction
Physical activity increases bone strength both in animals'2 and in humans.3 In elite athletes studies have shown that bone density is increased in the wrist of the playing arm of tennis players45 and in the os calcis of runners,6 suggesting that exercise exerts its-effect mainly on the bones at sites of maximum stress. Intense endurance training in female subjects may lead to amenorrhoea, which in turn reduces the trabecular bone mineral density, especially in the lumbar spine.7 Previous studies, however, have tended to focus on athletes who concentrate mainly on exercising the lower body.
Rowing entails considerable back exercise. There is also a high incidence of amenorrhoea among competitors at lightweight (who must weigh 59 kg or less at the time of competition). There has been one previous study oflightweight female rowers,8 but the cohort was small and the results were difficult to interpret. We studied a larger group of elite lightweight women rowers and compared them with a group of dlite female athletes who exercised predominantly the lower body; about half of the subjects in each group had amenorrhoea.
Subjects and methods
Twenty six members of the national squad of lightweight women rowers, 24 elite endurance runners (either in the national squad or marathon runners with a best time of under three hours), and 14 professional ballet dancers agreed to participate in the study. Amenorrhoea was defined as no more than one period, and eumenorrhoea as regular periods with a gap of less than 35 days between the start of consecutive periods, in the six months preceding the study. On the basis of these criteria 10 of the rowers and 15 of the non-rowers had amenorrhoea and nine of the rowers and 12 of the non-rowers had eumenorrhoea; we excluded from the study all the athletes with other menstrual patterns and those taking an oral contraceptive. The first stage was to determine which of the five variables on their own best explained the differences in the spinal bone density. This variable was incorporated into the model. Then each of the remaining variables was added to the model to assess which explained the greatest additional variability (that is, which had the largest F ratio). That variable was then also incorporated into the model. This procedure was repeated 
Results
There were no significant differences between the dancers and the runners in any of the variables investigated except for age (table I) . We therefore considered them to be similar enough to be grouped together as non-rowers. Table II gives details of the demographic variables by sport and menstrual state. The rowers were taller and heavier than the nonrowers but their ages were similar. The eumenorrhoeic athletes were heavier than the amenorrhoeic athletes but their ages and heights were similar.
The mean bone mineral density was 210 mg/cm3 in the eumenorrhoeic athletes but only 168 mg/cm3 in the amenorrhoeic athletes (difference=42 mg/cm'; confidence interval 22 to 62 mg/cm3; p=00002). The mean bone mineral density was 199 mg/cm3 in the rowers compared with 178 mg/cm3 in the non-rowers (21 mg/cm3; 1 to 41 mg/cm3; p=005). Within each menstrual group spinal bone density in the rowers was greater than that in the non-rowers (table III)  Table IV shows the results of the model fitting for spinal bone density. Stage 1 shows the highly significant effect of menstrual state (F=17-08; p=0 0002) and the lesser effects of weight (F=4 70) and sport (F=3-31). When menstrual state was taken into account (stage 2), however, weight no longer exerted an effect on bone mineral density (F=1-22; p=0 28) and only sport had any significant effect (F=4 06; p=005). When both sport and menstrual state were incorporated into the model (stage 3) no other variable had a significant effect. There was no significant interaction between the effects of sport and menstrual state (F= 1-20; p=0 28) on bone mineral density (stage 3). This suggested that the effects of sport and menstrual state acted independently of each other.
The cross sectional area of the psoas muscles at L3 and the isokinetic peak torques for both flexion and extension were significantly higher in the rowers than the non-rowers (table V) .
Discussion
Physical activity increases bone mineral density at the sites where the skeleton is maximally stressed. The factors that contribute to attaining peak bone mass in the mid-30s are not known. Physical activity tends to increase peak bone mass and may reduce the risk of osteoporosis in later life. Our results show that intensive exercise directed at a specific location in the skeleton (that is, to the spine in rowing) confers additional benefit to bone mineralisation at that site and confirm that if the intensity of exercise is so high that it leads to amenorrhoea these benefits can be lost. 
